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I ABSTRACT

Research Performed by Joe C. Jones

Under the Supervision of Dr. R. S. Morris

This report examines the relationship between response time and

fatalities in evaluating an Emergency Medical Service System (EMSS). A

search of the literature revealed that adequate data does not exist to presently

develop fatality - response time relationships for evaluating EMS Systems.:1J
4The paper proposes a data gathering procedure so that statistics can be derived

to use in an EMSS simulation. A GASP? simulation -program is presented which

shows how fatality - response time or injury - response time relationships can

be used in evaluating an EMSS.
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CHAPTER I

INTRODUCTION

Each year approximately 48, 000 Americans die as a result of motor

vehicle collisions. Of these 48, 000 people, over half die before they reach a

hospital. This figure emphasizes the importance of proper extraction, rapid

transportation, and resuscitative measures applied at the scene of the accident

and in transit to a hospital. (7)* There is a need for an effective Emergency

Medical Service System (EMSS) to provide emergency medical service to not

only automobile accidents, but to all other types of medical emergencies that

occur within a community. The proper emphasis in the previous statement

should be on the word effective. There is a need to be able to evaluate an

existing system and recognize weaknesses. There is also the requirement to

evaluate recommended changes by showing the effect of these changes on the

system.

This paper examines one of several parameters that can be used

separately, or in conjunction with othar parameters, in evaluating the effec-

tiveness of a present or proposed system. The parameter is that of medical

emergency victim condition as a function of response time. The use of this

parameter to evaluate system effectiveness can be seen in Table 1 (p. 2),

"Percentage of U. S. Wounded Dying of Wounds". The table shows how the

percentage of wounded dying from their wounds decreased from 8. 1% of the

wounded during World War I to 1.0% during the Vietnam conflict. During this

* Numbers in parenthesis refer to numbered references in the List of Peferences.
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2
same period the average time to definitive surgery was dccreased from an

average of 12 to 18 hours during WVorld War I to an average of 1.5 to 2 hours

for the Vietnam conflict. (5) This improvement is not only the result of better

medical care but also of the faster response time.

Table 1

PERCENTAGE OF U.S. WOUNDED*DYING OF WOUNDS

Average Time

Case Fatality to Definitive
Rate Surgery

War Years Wounded (percent) (hours)

World War I 1917-18 153,000 8.1 12-18

World War II 1941-45 598,500 4.5 6-12

Korea 1950-52 2.5 2-4

Vietnam 1965 1.0 1.5-2

* Killed In Acion categories excluded.

There is a reduction of fatalities due to better response time. In most

accident situations, the greatest danger to the injured is from shock, or loss of

blood, or both. The delay between the time of injury and "he time when an in-

dividual receives first aid often determines whether or not the individual will

survive. (5) This paper will show how this fact can be used to evaluate an

EMSS.

To examine the use of response time to evaluate an EMSS the paper

will first examine statistics on the probability of survival for specific type in-

juries that were obtained dur'ng the Vietnam conflict. These statistics have
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been used to eval'ante the improvement possible in using military helicopter am-

bulances for civilian medical emergencies. The second chapter, "Response

Time and Victim Survival", will also point out weaknesses in the use of these

statistics and why they are not appropriate for evaluating a civilian EMSS. (5)

The military survival statistics were the only statistical data found.

It is possible to obtain large quantities of information about automobile acci-

dents - in individual states but little useful information can be obtained about

the number and types of medical emergencies steming from non-automobile

accidents and disease. Accident and injury statistics are not reported in a uni-

form manner by the states, nor are the methods used by states necessarily con-

sistent with those used by federal agencies. There is also a significant differ-

ence between rural and urban injury rates within a state. Seventy percent of

motor vehicle deaths occur in rural areas and in communities with populations

of less than 2500. (5) Onfortunately, urban and rural data are not' always

separately available. Because of this problem it was not possible to determine

a set of probability survival curves for a civilian community or rural region.

The third chapter, "Injury Classification Systems", is therefore devoted to an

examination of data collection methods. The chapter examines several collec-

tion methods and proposes a method that would result in sufficient data to obtain

survival curves for a given EMSS. Appendix A provides a copy of the Abbre-

viated Injury Scale (AIS) that is incorporated into the proposed data collection

procedure.

The fourth chapter, "GASP Simulation Using Response Time", details

how probability of survival curves can be used to evaluate the effectiveness of an
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EMSS, or proposed cnanges to an EMSS. To facilitate this a GASP simulation

program (Appendix B) is examined to show how the effectiveness of a system can

be examined and improvements to the system evaluated. The program uses the

survival curves discussed in Chapter Two and actual data from the Texarkana

area to evaluate the Texarkana EMISS. The chapter also examines what changes

are required of te program to adapt it to a larger simulation or to a statistical

determination of event times and types. Appendix B includes a copy of the pro-

gram and documentation on its use.



CHAPTER II
RESPONSE TIME AND VICTIM SURVIVAL

The only actual probability of survival curves found were in a military

study for the feasibility of using military helcopters for civilian emergencies.

The study, "Evaluation of Operations and Marginal Costs of MAST Alternatives"

(5) included statistical tables derived from data collected during the Vietnam con-

flict. The only other information was from a study of fatalities from abdominal

injuries, "Evaluation of the Management of Vehicular Fatalities Secondary to

Abdominal ujury" (7). This chapter will discuss these two articles, examine

what they contribute and why they are either inappropriate or inadequate for use

in an EMSS simulation.

The article by Gertner, et. al., "Evaluation of the Management of

Vehicular Fatalities Secondary to Abdominal Injury", developed a graph of time

versus percent still alive. Figure 1 (p. 6) is from this study. As can be seen

from the graph it covers a period from one hour after the crash to 6 weeks'after

the crash. The problem is that the article was a discussion of fatalities, not

survivors, and the time period is in terms of hours and weeks not minutes. The

time period of interest must be in terms of minutes since in most cases the re-

sponse time of an EMSS should be under one hour. What is required is a graph,

not of the percent still alive after a given time period, but of the probability of

survival at that time period given no medical attention.

The Army study was to make qualitative estimates of the life-saving

characteristics of an airborne emergency medical system. The study examined

the effects, in terms of survival, of time delays that occur between the occurence

5



6

of the emergency and the delivery of various levels of treatment. The Army has

estimated survival in terms of such factors for 20 categories of battle casualties.

100

75

50

% STILL
ALIVE

25

1 2 6 12 24 1 6

HOURS WEEKS

TIME FROM CRASH (LOG SCALE)

Figure 1. Percent of patients still alive by length of time after crash. Thirty-
three de :ths due to abdominal injuries.

The Army defined these levels of trea ,rent that are related to the capa-

bilities of the individual delivering treatment. These levels of treatment are:

(1) Initial Treatment: Treatment provided by medically t: ained

attendants or technicians who are not physicians. The treatment

normally consists of those actions that are designed to arrestL$
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the progress of physiological instability'in the traumatized individual.

(2) Interim Treatment: Treatme.. normally provided by physicians

or physician assistants. It consists of those external actions re-

quired to sustain the individual with impaired physiological sta-

bility until the cause of the instability can be effedtively corrected.

It is primarily supportive in nature.

(3) Specific Treatment: Treatment devoted to a combination of

the supportive aspects of care begun at the interim ivel and

institution of resuscitative and restoration measures and pro-

cedures.

Table 2 (p. 8), "Characteristics of Casualties", is taken from this

study. The table lists 10 of 20 categories of wounds covered in the report. The

10 categories listed are utilized in the GASP Simulation of Appendix B to show

how response time can be used in evaluating an EMSS. The table lists a Sur-

vival Curve number for both before and after initial treatment, any travel re-

strictions caused by the wound and the average initial treatment time for the

wound. Table 3 (p. 9), "Survival Potential Curves," gives the fraction sur-

viving after indicated time periods for both before and after initial treatment.

The study also included types of medical specialties required for each type

waind, fraction dying during or after treatment, priorities for evaluation and

treatment, whether the victim is ambulatory, and survival curves for before

and after interim treatment.

Table 4 (p. 11), "Probability of Survival Tables", was derived for

three injury categories: Compound and Comminuted Fractures of the Head,
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Table 3

SURVIVAL POTENTIAL CURVES

Curve Fraction Surviving After

Number 0 30 mi. 1 hr 2 hrs. 5 hrs. 10 hrs.

0 .75 .72 .71 .69 .66 .63

1 .75 .72 .71 .70 .61 .64

8 .50 .48 .46 .42 .30 .20

9 .50 .50 .47 .44 .3A .24

18 .99 .95 .90 .87 .84 .81

19 .99 .96 .92 .88 .85 .82

22 .99 .99 .99 .99 .99 .99

23 .95 .93 .90 .89 .89 .88

24 95 94 .91 .90 .89 .88

32 .90 .85 .83 .80 .78 .75

33 .90 .90 .84 .81 .78 .76

36 .20 .19 .19 .18 .17 .16

37 .20 .20 .19 .18 .17 .16

39 .90 .85 .80 .75 .71 .65

40 .90 .86 .82 .77 .72 .67

43 .99 .95 .4 94 .94 .93
44 .99 .97 .94 .94 .94 .93

I __ ____ _j _______ _________ ________

44.9 ... 4.9 9

i1

I3
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Compound and Comminuted Fractures of the Face, and Compound and Commi-

nuted Fractures of the Lower Extremities, are shown. The curves were obtain-

ed by plotting the fraction of casualties surviving in each time increment and

fitting a smooth curve to the data to obtain the survival table shown.

To illustrate the use of this data, the following examples are taken

from Evaluation of Operations and Marginal Costs of MAST Alternatives. (5)

Case 1: Victim is transported by ground ambulance directly to

the hospital without anv intervening treatment, and arrives five

hours after the injury occurred. (Corresponds to a community

having no local facilities and limited ambulance service.)

Case 2: Victim is transported Ly heiicopter ambulance and

arrives at hospital two hours after injury. (Corresponds to

the same community as Case 1, but shows the impact of the

helicopter.)

Case 3: Medically trained attendant (paramedic) provides

initial treatment at end of first hour after injury, victim is

transported by ground ambulance, and arrives at the hospital

five hours after the injury occurred. (Corresponds to a

community having well-trained ambulance attendants, but no

local facilities.)

Case 4: Medically-trained attendant (paramedic) provides

initial treatment at end of first hour after injury, victim is

transported by helicopter ambulance and arrives at hospital

two hours after injury. (Corresponds to a community having



Table 4

PROBABILITY - OF - SURVIVAL TABLES

Survival Time, hours

.Curve No. 0 1/2 1 2 5 10 20 48

A. Probabilities of surviving at the end of the time
indicated, given that the casualty was alive at the
end of the prior period.

0 .75 .96 .96 .96 .96 .95 .88 .82
1 .75 .96 .96 .96 .96 .96 .94 .83
3 .75 .97 .97 .97 .96 .96 .95 .84

18 .99 .96 .95 .95 .95 .95 .95 .90
19 .99 .97 .96 .96 .96 .96 .96 .94
21 .99 .99 .97 .97 .96 .96 .96 .96
43 .99 I .96 .96 .96 .96 .96 .96 .9644 .99 .98 .97 .97 .97 .97 .97 .97
46 .99 .99 .97 .97 .97 .97 .97 .97

B. Probability of surviving to time indicated.

0 .75 .72 .69 .66 .64 .61 .53 .44

1 .75 .72 .69 .66 .64 .61 .58 .45
3 .75 .73 .71 .68 .66 .63 .60 .52 i

18 .99 .95 .91 .87 .84 .80 .77 .74
19 .99 .97 .94 .91 .89 .86 .83 .81
21 .99 .98 .95 .92 .89 .87 .84 .82
43 .99 .93 .90 .86 .81 .77 .74 .66
44 .99 .96 .92 .89 .85 .82 .78 .74
46 .99 .98 .95 .92 .89 .85 .82 .78

well-trained ambulance attendants but no local facilities, and

shows the impact of the helicopter on such a community.)

Case 5: Local physician provides interim treatment at end of

first hour after injury; victim is transported by ground am-

bulance and arrives at hospital five hours after the injury

occurred. (Corresponds to a community that has local medical
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facilities, but not comprehensive capabilities to treat

the types of injuries involved, and only ground ambulances.)

Case 6: Local physician provides interim treatment at end of

first hour after injury; victim is transported by helicopter and

arrives at hospital two hours after- he injury occurred.

(Corresponds to a community that has local medical facilities,

but no comprehensive capabilities to treat the types of injuries [
involved, aid shows the impact of the helicopter on such a

community.)

Table 5 (p. 13), "Effect of Helicopter Ambulance", shows the results

obtained using the above examples. The table uses the assumption that the

ground ambulance time to the hospital was 5 hours, that helicopter ambulance

time was 2 hours and initial treatment occurred after 1 hour. These examples

show how response time versus probability of survival can be used to evaluate

an EMSS system. Chapter Four will explore this aspect in detail. There are,

though, a number of problems with using the injury categories and survival

tables supplied by this study.

For example, the list of 20 categories does not cover all possible type

injuries and emergencies that could occur in a civilian community. Also,

especially true for mo 'or vehicle accidents, it does not include the possibility

of multiple injuries. In the case of multiple injuries the correlation between in-

jury categories is unknown. Finally, the survival curv tables are discrete with

the first time point after zero at 30 minutes. In most cases the response time

to an emergency will be i than 30 minutes and so the tables are useless for
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Table 5

EFFECT OF HELICOPTER AINBULANCE

Fz-action Dying

Ground
Commuklity Injury Category Ambulance Helicopter

No Facilitie. Head Injuries .36 .34
(no treatment)

Face Injuries .19 .15

Extremity Injuries .16 .13

No Facilities Head Injuries .36 .34
Medically
Trained Face injuries .17 .13
Attendants

(initial treat- Extremity Injuries .14 .11
ment only)

Local Hospital Head Injuries .36 .33
Only
(inierim treat- Face Injuries .16 .12
ment only)

Extremity Injuries .16 .16

Assumptions
Ground Ambulance Time to Hospital: 5 hours

Helicopter Time to Hospital: 2 hours

Initial or Interim Treatment Occurs at 1 hour.

purposes of evaluating response time impact or survival probability in the

normal situation.

Because of these problems, and the lack of any other tables that do

not exhibit the problems mentioned above, it is not presently possible to

evaluate an EMSS accurately using response time impact on survival.
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Chapter Three, therefore, will survey the present methods utilized to collect

data on medical emergencies aid proposes a data collection procedure so

suitable statistical tables can be derived.

II

i ! ,,I
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CHAPTER III
INJURY CLASSIFICATION SYSTEMS

The utilization of response time as a parameter is very dependen!

upon the victims condition. Emei gencies are first classified by type, then

it is necessary to classify wvctim condition.

Emergency type can be classified in a number of ways. Determination

of emerency types for an area is dependent upon the area. The evaluation of a

system can use past event data or events can be statistically determined. For

either case it is suggested that an ambulance code be used for clastification

types. Table 6 (p. 16), "Ambulance Code", is the code used by the Texarkana

EMSS. The use of these codes will be explained further in Chapter Four which

show how they are utilized in a GASP simulation.

Once the type of emergency has been determined it is necessary to

determine victim condition. This chapter discusses several methods of

classification and then recommends a data collection form to collect statistics

to determine survival curves for specified victim condition.

The National Safety Council has conventionally (1971) classified motor

vehicle accidents into three categories:

(1) Severe: bleeding wound, distorted member, or any

condition that requires a victim to be carried from the

scene;

(2) Moderate: other visible injuries such as bruises,

abrasions, swelling, limping, or other painful mcve-

ment; and
~15

'~ - 7  I
~ A4-.r~~e~t~k a~,~A'~t't~a.~.. >.....~- -- - - - -- - - - - - - -
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Table 6

AMBULANCE CODE

Signal Classification Signal Classification

0 Caution 43

1 Receiving Poorly 44 Permissicou to leave for..

2 Receiving Well 45 Notify... of situation

3 Stop Sending 46 Request... at this location

10-4 Acknowledge (50 #51 etc.)
5 Relay Message 47

G Busy Unless Urgent 48

7 Out of Service 49 Traffic light out at...

8 In Servicc. 50 Car Wreck

10-9 Repeat 51
10 Subject to call at... 52 Ambulance Needed
11 53 Road Blocked at...

12 Stand uy 54
13 Weather Bulletin, Road Cond. 55
14 56

15 Civil Disturbance 57

16 58
17 59 Convoy or Escort

18 60 Squad in Vicinity

19 Return to Station 61 Personnel in Area
20 Location 62

21 Call by Phone 63

22 Disregard 64

23 Arrived at Scene 65
24 Assignment Completed 66
25 67
26 68
27 Bring... to... 69

28 70 Fire Alarm

29 71 Advise Nature of Fire

30 Unnecessary Use of Radio 72 Report Progress of Fire

31 Crime in Progress 73
32 Man With Gun 74
33 Emergency 75 Possible Stroke

34 Riot 76 Enroute...
35 77 Possibly under influence

36 Correct Time of alcohol

37 Operator on Duty 78 Need Police Assistance
40 Silent; Run No Lights, Siren 79 Notify Coroner

39 80 Possible Insulin Shock

41 Call Off Duty Crew 81 Possible Epileptic(seizure)

42 Request Mutual Aid Fror... 82 Possible Overdose
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Table 6 (Continued)

i_.al Classification Signal Classification
83 Traumatic Shock 93 C. B. Case
84 To Be Admitted 94 Gunshot Wound
85 Electric Shock 95 Stabbing
86 Has Lost a Lot of Blood 96 Mental Patient
87 Patien't Burned 97 Possible Broken Bones
88 Possible Poison 98 Possible Internal Injuries
89 Attempted Suicide 99 Possiblb D.O. A.
90 Possible Heart Attack 100 Bomb Report
91 Possible Head Injuries 100 Confirmed jomb Found
92 Doesn't Seem to be Serious

(3) Slight: complaint of pain without visible signs of

injury, or momentary unconsciousness.

The C-,mmittee on Medical Aspects of Automotive Safety has

developed two scales; the Abbreviated Injury Scale (AIS) and the Compre-

he,:sive Research Injury Scale (CRIS) to provide a more definitive classi-

fication system for traumatic injuries, particularly those caused by auto-

mobile collisions.

AIS ratings are based on multiple criteria. The most commonly

used criteria are energy dissipation (ED) necessary to produce the injury and

the threat to life (TL) of the resulting injury. Other criteria used are

permanent impairment (PI), treatment period (TP), and incidence ,IN). The

AIS, as it was introduced in 1968, lists e:ampie type injuries under five head-

ings: (1) General; (2) Head and neck; (3) Chest; (4) Abdominal and Pelvic

contents; and (5) Extremities. These categories are the same as is normally

used by physicians in examinations. The severity of an injury is then rated on

a scale of 0-10. Ratings of 6-10 are used to rate fatalities and a rqting of 98

I4
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or 99 when either Ohe presence of an injury or severity of an injury was not

known. Appendix. :ontains a copy of the Abbreviated Injury Scale. To utilize

the AIS the followin. :delines and parameters should be used: (2, 15)

(1) A ' 4 h- time period following the injury producing

accident should be used. Death occurring after 24 h)urs

should not be considered a fatality.

(2) Diagnosis not listed in the AIS must be scaled by using

the severity value of a similar injury.

(3) Only the most severe consequence of an injury in any

given anatomical area should be scaled.

(4) Multiple injuries to several areas of the human body are

scaled separately. Their total effect on the patient is re-

corded through the overall rating. The overall rating may be

greater than any single rating but should not be less.

(5) Burns are scaled on a percentage area of the body.

(6) Pre-existing medical problems should be noted on the

injury report form but no attempt should be made to rate

such problems.

The CRIS separates the criteria used in scaling into five categories.

The five criteria used are: energy dissipation (ED), threat to life (TL),

permanent impairment (PI), treatment period (TP), and incidence (IN), The

CRIS scale provides a greater number of injury types for each area cf the

anatomy. The scale also is more objective and requires t&ce investigstor to be

more precise because of the separation of criteria used to scale an injury into
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the five classes mentioned previously. Table 7 (p. 20), "Quantitation Termi-

nology", lists the quantitative terminology used to determine ratings for both

the AIS and CRIS scales. The CRIS scales are broken up by major medical

specialities. These specialities are: chest, abdominal, facial, genitourinary

gynecological, neurological, ophthalmological (eye), orthopedic, d,_d

otolaryngological (ear, nose, and throat).

Table 8 (p. 21). "Comprehensive Research Injury Scale - Orthopedic

Injuries", shows the scale for orthopedic injuries for threat to life and in-

cidence criteria. A complete listing of the scales by speciality for all criteria

can be found in the a,'cle by States, Fenner, Flamboe, Nelson and Hames,

"Field Application and Research Development of the Abbreviated Injury Scale".

(15) One final criteria used in the CRIS scale is the effect of age. There is a

consistent and significant difference in the ranking of some criteria because of

the injured patient's age. The use of this criteria is seen in the example of the

orthopedic scale where a fractured femoral shaft in an elderly patient (over'

age 65) is a serious threat to life and requires a higher coding. Treatment per-

iod of a child for this fracture is much less; six weeks compared to six months

for an adult and requires a reduced coding. (3, 15)

One area not covered by either the AIS or CRIS is consideration of the

effects Of multiple injuries in an accident. This problem was considered by

Baker, et. al., in "The Injury Severity Score: A Method fcr Describing Patients

With Multiple Injuries and Evaluating Emergency Care".

It was shown that it is possible to utilize an 'Injury Severity Score"

which is defined as the sum of the squares of th b ighest AIS graae in each of

- - - --.!...
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Table 7

QUANTITATION TERMINOLOGY

Energy 1-Little Treatment 1-2 weeks or less
Dissipation 2-Minor Period 2-2-8 weeks

3-Moderate 3-8-26 weeks
4-Major 4-26-52 weeks
5-Maximum 5-52 weeks or more

Threat to 1-None Incidence 1-Unusual
Life 2-Minor 2-Occasional

3-Moderate 3-Common
4-Severe 4-Very common
5-Maximum 5-Most frequent

Permanent 1-20% or less
Impairment 2-21%-40%

3-41%-60%
4-61%-90%
5-91%-100%

the three most severly injured areas. The uses of the "Injury Severity Score"

4

was shown to increase the correlation between severity of injury and mortality

as compared to the AIS grade for the most severe injury. It was also shown

that death rates were higher for persons in the 50-69 year age group than for

younger persons, and increased markedly for those age 70 and over.

Figure 2 (p. 23) "Mortality Versus Injury Severity Score", shows the re-

lationship between mortality, age, and the injury severity score and Figure 3

(p. 24), "Injury Severity Score Vs Time", shows the relationship between time

of death after the accident, injury severity score and percent of deaths.

To derive probability tables in terms of survival for a given response

time it is necessary to classify victim condition in terms of either specific

types of wounds, as was accomplished by the military or by severity
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Table 8

COMPREHENSIVE RESEARCH INJURY SCALE-ORTHOPEDIC INJURIES

Threat-to-

Extremities Life Incidence

Upper .Lower Upper Lower

Abrasion or Contusion 1 1 5 5
Simple 1 1 5 5

Laceration Extensive 1 3 5 1
Severe-Major Nerves 2 2 1 1
Severe-Major Vessels 4 4 1 1

Sprain Major Joint 1 1 4 3
Minor Joint 1 1 3 2

Crush Limb 3 4 1 1
Digit 2 3 2 2

Scapula or Clavicle or Both 1 4
Humerus 2 3
Elbow 2 3
Radius and/or Ulna 2 2
Carpal, Metacarpal 1 2

0) Femoral Neck 3(+lE) 1

Femoral Shaft 3(-1C) 3
% Tibia With or Without Fibula 2(-1C) 4

Fibula 1 2
Malleolus 1 3
Foot-Single 1 '2

Multiple 2 2
Talus Displaced 2 1

Segmental or Long Bone, Multiple 3 4 1 2
Digit 1 1 3 3

(All Open Fractures, +1 TL, -1 IN)
Shoulder 1 2
Elbow 1 2
Wrist 1 2

-4Carpal, Metacarpal 1 2
Hip 2 2

,0 Knee 3(-1C) 1
-4 Ligament Tears 3(-1C) 1

Ankle 1 3
Tarsus 2 1
Digit 1 1 3 3 4

i _t

,'lj
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Table 8 (Continued)

COMPREHENSIVE RESEARCH INJURY SCALE-ORTHOPEDIC INJURIES

Threat-to-

Extremities Life Incidence

i iiUpper Lower Uppr Lower
Above Elbow 4 1

Below Elbow 3 2
Above Knee 5 1
Below Knee 4 1
Digit 2 2 2 2

Pelvis
Pelvic Fracture, Including Sacrum

Simple 2 3
Severe 3 2

Sacro-iliac Fracture/Dislocation 3 1
Symphysis Pubis Separation 3 1

Thoraco Thorae
Spine Cervical Lumbar Cervical Lumbai

Acute strain, No Neuro Damage 1 1 4 4
Nerve-Root Damage 1 1 2 2
Cord Transection 5 2 1 1

Fracture, Transverse or Spinous Process 2 2 1 2
Fracture/Dislocation, No Neuro Damage" 2 1 2 2

Nerve-Root Damage 3 2 2 2
Cord Transection 5 4 1 1

C-children; E-elderly; IN-incidence; TL-threat to life.

classifications as done in the AIS or CRIS scale. In either case the correlation

between multiple injuries must be accomplished to adequately derive probability

tables.

Because of the variety of different types of wounds that could be con-

sidered, the complexity of the determination of a multiple injury would result

in a more complex probability table. The use of the AIS and the Injury Severity

Score can accomplish the required data collection and correlation without ex-

cessive complexity.

..
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20

10 0 30 40 50 60
MORTALITY VS INJURY SEVERITY SCORE

FIGURE 2. Mortality by Injury Severity Score for three age groups. DOA's
excluded from calculations. Dotted liDes connect points based upon less
than 10 persons.

To determine the probability tables to be used in a GASP simulation

such as in Appendix B, the use of the following procedure is suggested.

Table 9 (p. 25), "Ambulance Patient Record", should be completed for all

ambulance runs. Data can then used to derive probability tables to be used

in simulations of the EMSS as discussed in Chapter Four.

The development of a procedure to derive the probability tables is a

subject area for further research. Suggested procedures would include the

use of regression to derive unctions that would predict the probabtlity of
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-100

Within 3 Months

-80

Within 1 Month -60
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INJURY DEATHS-4C

Within 1 Week

Within 6 Hours -201

Within 1 Hour
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INJURY SEVERITY SCORE VS TIME

FIGURE 3. Length of time from injury until death by Injury Severity Score.
Includes all deaths.

survival for specified injury severity scores.
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Table 9

AMBULANCE PATIENT RECORD

PATIENT INFORMATION DATES AND TIES
Age Date of Run
Sex Time call
Any prior medical problem /I Yes 7 No Received
(If yes explain in comment sectio) Timp Ambulance

Dispatched
AMBULANCE STATUS Time Arrived
Run Number at Scene
Ambulance Number Time Arrived at

Destination
Time Returned to

PATIENT CONDITION Service
General
Head and Neck
Chest

Abdominal and Pelvic Contents
Extremities

(Use AIS Code For Rating)

INCIDENT INFORMATION
Type of call (Use Ambulance Code)
Location of incident

Patient delivered to

FOLLOW-UP INFORMATION - FATALITIES
At Scene /. Yes /No

On Arrival / Yes / No

Within 24 Hours I Yes II No

Unknown
Time of Death (If Known)

COMMENTS:

'1

i ; oj
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CHAPTER IV
GASP SIMULATION USING RESPONSE TIME

This chapter explains the use of response time in evaluating the effec-

tiveness of a proposed EMSS as compared to an existing system. The effec-

tiveness of a system is evaluated using the criteria at the reduction In mortality

as a function of response time. The response time is defined as the time in-

terval from receipt of an emergency call to the time'the emergency victim first

receives medical first aid from traned personnel. A reduction in response

time can be affected by an increase in the number of/emergency vehicles, the

use of medically trained attendants on emergency v~hicles, or from the location

of dispatching being located so as to minimize response time. H

An increase in the number of emergency vehicles will decrease the

occurrance and size of queues of waiting emergency calls when all vehicles

have been dispatched. However, the increase in the number of emergency

vehicles results in a large increase in the cost of the system. The addition of

one emergency vehicle to an EMSS adds not only the cost of the vehicle but in-

creased personnel and maintenance costs. The article by Messer and Morris,

"Emergency Medical Service Systems (EMSS) Requirement Analysis for Rural

Regions", (10) examines the effects of five parameters, including number of

vehicles, on EMSS costs and performance.

The use of medically trained ambulance attendents has a large effect on

the response time of an EMSS. Without medically trained attendents the re-

sponse time of the system would be the time from when a call is received until

the ambulance arrives at the hospital. With medically trained attendents the

26
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time would be measured from the time the call is received until the ambulance

arrives at the scene of the emergdncy. There is a large reduction in response

time because of the use of medically trained emergency personnel.

The location the vehicles are dispatched from will also affect response

time. Through the use of Operations Research techniques and the analysis of

past data it is possible to "optimize" the dispatch locations and routes so as to

decrease the response time of the system.

To fully evaluate the perforr,,ance of an EMSS would include evaluation

of the system in terms of number of vehicles, munber and location of dis-

patching centers, medical training and equipment available to ambulance

attendents, maintenance requirements for equipment, and system availability.

The system should be evaluated in terms of overall cost and response time.

It is recognized that the response time of an EMSS is important in eval-

uating the effectiveness of the system, T-is paper gives more meaningful

cost to evaluate a system. It can be showi that a proposed change to an EMSS

wjuld decrease the average respons,3 by 5 minutes at a cost of X dollars. (11)

If it could be shown that this proposeJ change would also reduce mortality

effectively saving Y lives per year the argnnent for the proposed change is much

stronger.

To show the effect decreasing average response time wcu ld have on

lives saved requires reliable data in terms of function or probability tables to

describe the affect of response time on the mortality. As discussed in the

preceeding chapter this data does not exist. To show how it can be used once

it has been determined, a GASP simulation program was developed for

AI

,t, .= ,, ' ',' ' " =l : i' % | ' ' r,,z' ' '," "" } .... , ' . . -". - -- ..... "- '" .. .. . .
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demonstration purposes. The program uses the 10 wound types shown in

Table 2 (p. 8) for the classification of injury. It uses the ambulance code of

Table 6 (p. 16) for event types. Since the program is for demonstration pur-

poses only, the probabilitias for the wound types of Table 2 (p. 8) were taken

from Table 3 (p. 9) at time zero and at 30 minutes for both before and after

initial treatment, thez, the slope between the two points is used to describe a

linear function of the probability of a fatality versus response time. Actual

data from the Texarkana area was used for the simulation. The data consisted
of the time a call was received, time the ambulance arrived at the scene, time -

the ambulance arrived at the hospital, time the ambulance was back in service

and the event code for the incident. The code used was that of Table 6 (p. 16)

with a 10 prefix, except code 1100 was used to designate a non-emergency

transfer. The data was further grouped by day and month with calls sequenced

from 001 for each month. The copy of the program can be found in Appendix B.

Appendix C is the results for a one morth simulation of the system. Appendix D

is the input data used for the program.

The ambulance number was also included, along with the location of the

emergency call and the hospital that the victim was taken to. The ambulance

number was kept in the program file but nrfI used. The emergency call location

and hospital were not kept.

Since the data did not list the actual dispatch time it was not possible to

simulate the occurrance of a waiting queue when all ambulances were on call,

and a call received. The demonstration prcgram, therefore, utilized the affect

of having paramedic ambulance personnel.
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The program uses 7 of the ambulance event codes of Table 6 (p. 16).

The codes used, with a 10 prefix, are as follows: 1033, 1050, 1091, 1094,

1095, 1097, and 1098. These codes were used since they would tend to

correspond to the 10 injury types of Table 2 (p. 8). In an actual simulation.

all ambulance codes for which there existed corresponding response-fatality

tables, or functions, could be used. The program uses actual past data for

all event times and event codes. All event times and codes can be simulated

if necessary. (10) To simulate event types, and times, the sxrresponding

distributions or probabilities of occurrance must Le known or estimated.

The program uses GASP, a FORTRAN based, event type simulation

package. The program is based on examples in Pritsker and Kiviat's,

Simulation vWth GASP !T (13); and Messer and Morris' article. (10) The pro-

gram consists of a main program and 7 subroutines written by the author, and

the GASP supplied subroutines. The main program reads in the event types to

be checked for in the simulation, and the magnitude of the slopes between 0 and

30 minutes of Table 3 (p. 9), and calls SUBROUTINE TASP. SUBROUTINE

EVNTS is written as given by Pritsker and Kiviats. SUBROUTINE ARIVD is

used in conjunction with COLCT to determine statistics on response time and

percent of lives lost due to the response time. SUBROUTINE HOSPT is used

in conjunction with COLCT to determine statistics on, total time from the call

until the ambulance arrives at the hospital, on time from the scene to the

hospital, on time from when the call is received until the ambulance reaches

the hospital, on percentage of lives lost with or without medically trained

attendents, and on the difference between having or not having medically
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trained ambulance attendents. SUBROUTINE BACKS is used in conjunction

with COLCT to gather statistics on the total time a trip takes. SUBROUTINE

STRT reads in all events to be used in the simulation and places them into files.

SUBROUTINE STRT ignores any data cards that are not completely filled out.

For the program to work correctly, all data cards niust-be in ascending order,

in terms of days and hours, with all times based on a 2400 hour clock. The

last data card must have a 99 in the first two columns of the card. This causes

SUBROUTINE ENDSM to be called which signals the end of the simulation and

the output of all statistics gathered during the simulation. SUBROUTINE

OTPUT is used to output any additional output not supplied by GASP.

Appendix D is the input, excluding cards with missing data fields, used

in the simulation run for which Appendix C is the output. The output supplied I
by the program includes the means, standard deviations, miminums,

maximums, and number of observations for the data gathered during the simu-

lation. Page 60, in Appendix C gives this information, along with a brief

explanation of the code used. Page 61 through page 70 of Appendix C gives an

event by event output for all input events with one of the seven ambulance codes

the program used.

From the output on Page 60 it is shown that there is about 0. 7%

difference between having or not having trained ambulance attendents. This

would mean about a . 7% decrease in the number of fatalities for the seven

event types used in the simulation if the probabilities of injury types and

fatalities statistics were correct. This information is strictly for demon-

stration, of how an event type simulation can be used to evaluate an EMSS.

*1
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The probabilities of fatalities, the probability of the occurrance of a specific

type injury, and the corresponding use of the injury types and event codes have

no factial basis and are only used to demonstrate how this information can be

used.

This chapter has shown how it is possible to use response time versus

mortality to evaluate an EMSS. The determination of factual data to be used

in a simulation of this type can result in a much stronger argument for changes

in an EMSS. The argument based on the number of lives saved as a consequence

of injury response time is stronger than one based solely on response time.



CHAPTER V
?.ECOMMENDATIONS AND CONCLUSIONS

It is possible to evaluate an EMSS in terms of lives saved due to a re-

duction in response time. It is felt that an evaluation of an EMSS in terms of a

reduction iW the number of expected fatalities is a much stronger way to evaluate

a system than is an evaluation in terms of response time alone.

The problem with this methzA4 is that tables or probability distributions

describing mortality as a function response time do not exist in terms that would

correspond to a civilian EMSS. What is required is the probabilities of

rccurrence of the different classifications of injury types a civilian EMSS

could expect. Then a corresponding response time versus mor'.ality table, or

probability functions, are required to completely evaluate the system. It is

felt that the use of the AIS code (2, 3), Appendix A, in conjunction with the

Injury Severity Score (1), and the Ambulance Patient Record, Table 9 (p. 25)

can be used to develop the required probabilities and tables or functions. This

work would be in terms of accident victims, not medical emergencies caused

by illness.

The suggested form of research to determine the required information

would be through the use of the Ambulance P.tient Record, Table 9 (p. 25).

The use of the form by ambulance attendents, with a foilow-up on fatalities by

the researcher would result in sufficient information to derive categories or

ranges of the Injury Severity Score, response time, and fatalities.

32



APPENDIX A

This appendix provides a copy of the Abbreviated Injury Scale. It

is recommended that this code be used in filling out the "Ambulance PatientI

Record"., Table 9 (p. 25).

I 33
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ABBREVIATED INJURY SCALE

Severity Police
Code SEVERITY CATEGORY/INJURY DESCRIPTION Code

0 NO INJURY Oor D

MINOR C

GENERAL
-- Aches all over.
--- Minor lacerations, contusion, and abrasions (first aid--

simple closure).
--- All 1st degree or small 2nd degree or 3rd degree burns.

HEAD AND NECK
--- Cerebral injury with headache; dizziness; no loss of

consciousness.
--- "Whiplash" complaint with no anatomical or radiological

evidence.
--- Abrasions and contusions ci ocular apparatus (lids,

conjunctive, cornea, uveal injuries); vitreous or re-
tinal hemorrhage.

--- Fracture and/or dislocations of teeth.

CHEST

--- Muscle ache or chest wall stiffness.

ABDOMINAL AND PELVIC CONTENTS

--- Muscle ache; seat belt abrasion; etc.

EXTREMITIES
--- Minor sprains and fractures and/or dislocation of digits.
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Severity Police
Code SEVERITY CATEGORY/INJURY DESCRIPTION Code

2 MODERATE B

GENERAL
--- Extensive contusions; abrasions; large lacerations;

evulsions (less than 3" wide).
--- 10-20% body surface 2nd degree or 3rd degree burns.

HEAD AND NECK
--- Cerebral injury with or without skull fracture, less

than 15 minutes unconsciousness; no post-traumatic

amnesia.

--- Undisplaced skull or facial bone fractures or com-
pound fracture of nose.

--- Lacerations of the eye and appendages; retinal de-
tachment.

--- Disfiguring lacerations.
-- "Whiplash" - severe complaints with anatomical or

radiological evidence.

CHEST

--- Simple rib or sternal fractures.
--- Major contusions of chest wall without hemothorax or

pneumothorax or respiratory embarrassment.

ABDOMINAL AND PELVIC CONTENTS
--- Major contusion of abdominal wall.

EXTREMITIES AND/OR PELVIC GIRDLE
--- Compound fractures of digits.
-- Undisplaced long bone or pelvic fractures.
--- Major sprains of major joints.
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Severity Police
Code SEVERIrY CATEGORY/INJURY DESCRIPTION Code

3 SEVERE (Not Life-Threatening) B

GENERAL
--- Extensive contusions; abrasions; large lacerations in-

volving more than two extremities, or large ovulsions
(greater than 3" wide).

-- 20-30% body surface 2nd degree or 3rd burrs.

HEAD AND NECK
--- Cerebral injury with or without skull fracture, with

unconsciousness more than 15 minutes; without severe
neurological signs; brief post-traumatic amnesia

(less than 3 hours).
-- Displaced closed skull fractures without unconscious-

ness or other signs of intracranial injury.
--- Loss of eye, or ovulsion of optic nerve.
--- Displaced facial bone fractures or those with ontral or

orbital involvement.
--- Cervical spine fractures without cord damage.

CHEST
--- Multiple rib fractures without respiratory embarrassment.
--- Hemothorax or pneumothorax.
--- Rupture of diaphragm.
---Lung contusion.

ABDOMINAL AND PELVIC CONTENTS
--- Contusion of abdontnal organs.
--- Extroperitoneal bladder rupture.
--- Retroperitoneal hemorrhage.
--- Avulsion of ureter.
--- Laceration of urethra.
--- Thoracic or lumbar spine fractures without neurological

involvement.
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Severity Police
Code SEVERITY CATEGORY/INJURY DESCRIPTION Code

3 - SEVERE (Not Life-Threatenng)(Continued) h

EXTREMITIES AND/OR PELVIC GIRDLE
--- Displaced simple long-bone fractures, and/or multiple

band and foot fractures.
--- Single open long-bone fractures.'
-- Pelvic fracture with displacement, -,

--- Dislocation of major joints.
--- Multiple amputations of digits.
--- Lacerations of the major nerves or vessels of ex-

tremities.

4 SEVERE (Life-Threatening, Survival Probable) B

GENERAL
-- Severe lacerations and/or ovulsions with dangerous

hemorrhage.
--- 30-50% surface 2nd degree or 3rd degree burns.

HEAD AND NECK
--- Cerebral injury with or without skull fracture, with

unconsciousness of more than 15 minutes, with de-
finite abnormal neurological signs; post-traumatic
amnesia 3-12 hours.

--- Compound skull fracture.

CHEST

--- Open chest wounds; flail chest; pneunomediastinum;
myocardial contusion without circulatoryj embarrass-

ment; perinardial injuries.
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Severity Police
Code SEVERITY CATEGORY/INJURY DESCRIPTION Code

4 SEVERE(Life-Threatening, Survival Probable)(Continued) B

ABDOMINAL AND PELVIC CONTENTS
--- Minor laceration of intra-abdomina contents(to include

ruptured spleen, kidney, and injuries to tail of pancreas).

--- Introperitoneal bladder rupture.
--- Avulsion of the genitals.

--- Thoracic and/or lumbar spine fractures with paraplegic.

EXTREMITIES

--- Multiple closed long-bone fractures.
--- Amputation of limbs.

S5 CRITICAL (Survival Uncertain)" A

GENERAL
-- Over 50% body surface 2nd degree or 3rd degree burns.

HEAD AND NECK
--- Cerebral injury with or without skull fracture with un-

consciousness of more than 24 hours; post-traumatic
amnesia more than 12 hours; intracranial hemorrhage;

--- Cervical spine injury with quadriplegia.
--- Major airway obstruction.

CHEST
--- Chest injuries with major respiratory embarrassment

(laceration of trachea, hemomediastinum, etc.)
--- Aortic laceration.
--- Myocardial rupture or contusion with circulatory

embarrassment.

ABDOMINAL AND PELVIC CONTENTS
--- Rupture, ovulsion or severe laceration of intra-abdominal

vessels or organs, except kidney, spleen or ureter.

0.
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Severity Police

Code SEVERITY CATEGORY/INJURY DESCRIPTION Code

5 CRITICAL (Survival Uncertain) (Continued) A

EXTREMITIES
--- Multiple open limb fractures.

4 FATAL (Within 24 Hours) K

--- Fatal lesions of single region of body, plus injuries

of other body regions of Severity Code 3 or less.
--- Fatal from burns regardless of degree.

7 FATAL (Within 24 Hours) K

--- Fatal lesions of single region of body, plus injuries
of other body regions of Severity Code 4 or 5.

I FATAL K

--- 2 fatal lesions in 2 regions of body.

9 FATAL K

--- 3 or more fatal injuries.
--- Incineration by fire,

10 FATAL K

--- Fatal details unknown.

.1
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Severity Police
Code SEVERITY CATEGORY/INJURY DESCR!PTIOW! Code

99 SEVERITY UNKNOWN X

--- Injured, but severity not known.

98 PRESENCE UNKNOW f Z

--- Presence of injury not known.



APPENDIXL

This appendix contains a copy of the GASP simulation program ex-

plained in Chapter IV. This first page of Appendix B is the required format

for the Job Control Records, program, and data required to run the program.

The simulation was run on a AMADAHL 470 using HASP.

k2
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REQUIRED FORM FOR RUNNING
THE PROGRAM ON THE AMDAITL 470 SYSTEM

//JOB CARD/*PASSWORD 
"

/*JOBPARM REGION=320K
//STEP1 EXEC F)RTGCLG, REGION. GO=320K
//FORT. SYSIN DD *

.... MAINPROGRAM.....

.... SUBROUTNES .....

//LKED. MYLIB DD DSN=USER. RRA. MORRIS. JOBUB, DISP-SHR
//LKED.SYS1N DD *INCLUDE MYLIB(GASP36015 GASP3602, GASPS603)

//GO. SYSIN DD Y
.... DATA...

1st data card-EVENT CODE - 14 FORMAT 4

2nd - through 4th data card - Probability slopes, SF10.0
GASP DATA CARDS (See Reference #13, page 41) FORMAT
INPUT DATA CARDS

The GASP Data Cards must include in the Type 8 data cards an event at

time 0.0 in file one with ATRIB(2)=6. 0. The last INPUT data card must

have a 99 in the first two columns.

I,

I
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APPENDIX C

Output from the program of Appendix B, using the data of Appendix D

for input.
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**GASP SUMMARY REPORT**

SIMULITIOJ PROJECT NO. 685 BY JOE C JONES I
DATE 3/5/ 1976 RUN NUMBER

**GENERATED DATA**
CODE ;.,EAN STD.DEV. MIJ. MAX,. OBS.

1 332.7065 371.9666 0.0 1727.0000 133
2 b.24b 1 8.4022 1.0000 58.0000 133
3 21.398 13.5903 5.0000 87.0000 133
4 13.1504 7.6063 2.0000 40.0000 1 33
5 37.5303 5d.8427 10.0000 685.0000 132
6 .. .7482 .o.1 i4 . 0.0,66 .- 400 47
7 2.0226 1.4227 0.3330 7.6000 47

8 1.3332 1.0877 0.0"'9 5.5996 47
9 ,.06834 . 7028 -0.0000 4.1675 47

CODE 1 OF TWE GE'ER 1El DATA IS THE STATISTICAL DATA
ON TIME BETWEEN CALLS

COUL 2 OF THE GENERATIEI) DATA IS THE STATISTICAL DATA

---CODE 3 OF-THE GENERATEd IATA -IS THE STATISTICAL DATA
ON TIME FUR THE TuTAL TkIP

CODE 4 OF THE GE'NERATEJO 0ATA IS THF STATISTICAL DATA
ON TIME FROM THE ACC'IDENT SCEN- TO WTE HOSPITAL

CODE -OF THE GENERATE)DATA IS-Ti:. STATISTICAL -DATA ..
ON TIME YAKE'q FOR THE ENTIRE CALL

CODE 6 OF THE GENERATED DATA IS THL STATISTICAL DATA
ON PERCENT LIVES LUST fDUE-Tb-RLSPY'J-SE7 TIME

CODE 7 OF THE GENERAIED DATA IS ThE STATISTICAL DATA---------.
ON PERCENT LIVLS LUSr WITH NO .vEDICAL IRAINING

CO.E 8 OF THE GENERATLD DATA IS THL STATISTICAL DATA
0. .PERCE:df LIVES'LuST WItHME[ICAL [R IAI'NG-

CODE 9 OF THE GEER'WATE(D OATA IS TH, STATISTICAL DATA
ON DIFFEREJCL BETWEtc 7 AND 8
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SED !190 1. I C o L u ,. F 1..,.33.
Rol-SPO',SE f 1I-.-E 1'. J ..

PERCENT LIVES LOS[ .O.'j '(;O'

SL C NJO 1. I:iCI)-'1T LI'E 1)33.
TOTAL TRIP fIyE 16.0'k't
riOSPIiAL TRIP TIME c. . 0,
PERCE,-T LIVES LOST I11H ;id 4:bICAL HELP 1.6000
PERCENT LIVES LOST .4IrH "MFD ICAI. HELP I. 600

-DIFf-ERENL: BETW'EEN THE lJ 0.0

SEQ Nu 2. I'iCIFrT CijOE 1033.
RESPUNSE rimc.  4oj:)e
PERCE1NT LIVES LOST 0.26630J.

S1 ~ ~ ~ ~ ' NO 20-3O~:C'0 1-.-
TOTAL TRIP TIME lu.O0, )o
HOSPITAL T;IP TIV'E o.: );)-
PERCENT LIVES LOST WITrI NJ MEOICAI HELP 1.6670
PERCENT LIVES LOST WITH IMEOICAL HELP 1.4666
VIFFEkENCE BETWEEN THE TWO U.200, _

SEQ NOU 3. I',CIDC-:',T COVE 1033.

RESP014SE TIME 1.000 .

PERCENT LIVES LOST 1.166900 E

SEQ NO 3. I'ACIDENT CODE 1033.
TOTAL TRIP TIME 19.000 0 v
HOSPITAL TRIP TIME 12.0)0n
PERCENT LIVES LOST WIIH NLI MEAICAL HELP 2.5327
PERCENT LIVES LOST WITH MEUICAL hELP 0.3320
DIFFERENCE BET6EEN THL TWO I 20.0

SEQ NO 5 . INCIDENT C(OD'FE 1033.

RESPONSE TIME 5.(00
PERCENT LIVES LOST 1.(')O O. .. .

SEQ No 5. INCIDENT COOE 1033.
TOTAL TRIP TIM'E 9.0c0c
HOSPITAL RIP Ti 1.() ) 0
PERCENT LIVES LOST 'Illli NU MED&ICAL HELP 0.9000
PERCENT LIVES LOST WITH MEDICAL HELP 0.9000
DIFFERENCE BETiNEEN THL TWO 1.0

.... SEQ NO_ 6._ INClUENT CODE_1033.. .. .. ... . .
RESPONSE TIMVE 4.000u

PERLENT LIVES LOST O.6i0005J

SE O 6._ INC IDENT CLDE 1333-.
TOTAL TRIP TIE k.CL,

fiOSP IT AL TR IP Tl I l10.0000
PERCENT L IVES LOST W-'!l 1 .%v) ' OICAL HELP 2.8O0
PERLE.NT LIVES L UST o I 111 " '.ILAL HELLP 1.1330
DIFFERENCE bEf'WLE: THLl TWO I t)6 Y,.
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SEQ .'U 9. I.aCIL ':T 1- '33.
RESPONSE TI m- 3.0L,0'C
PERCENT LIVES LUST 0.,,A ) 9Q,_

SEQ NO 9. INCIDENT CL'I;E I033.
TOTAL TRIP TIME 3.OCv(;
HOSPITAL TRIP TIME 5.00of
PERCE'4T LIVES LOST Will NU MEtICAE HELP .. 1.3336
PERLENT LIVES LGST WIiH .EtVICAL HELP 1.1666

DIFFERENCE- BETWEE:4 TH- TAu .167;

SEQ NO 12. ICIDENT CODE 1050. ....
RESPONSE TIME 13.000t,
PLRCE'4T LIVES LUST 1.2v9999

SEQ NO 12. INCIfENT CGUE 1050.
TOTAL TRIP TIME 3r.Oj
HOSPITA-L 'TRIP TitE 2 ',.)O ..
PERENT LIVES I UST %;ITH %0 VtEDICAL HELP 7.6000
PERCENT LIVES LOST WI*TH MEICAL HELP 3-.4325
DIFFERENCE BETWEEN THE TWO 4. 1,75

SEQ NO 14. INCIUENJT CODE 1033.
R § E-S NS'E -T IME ,O00b .. . .. ..

PERCENT LIVES LUST 0.166700

SEQ NO 14. I'CIDENT COUE 1033.

TOTAL TRI-P I-ME- -6.JO00

HOSPITAL TRIP TIMt 5.0000
PERCENT LIVES LOST WITH "JO MEDICAL HELP- ... 0.6000
PERCENT LIVES LOST WITH VEGICAL HELP 0.bO00
DIFFERENCE BETWEEW-THE'fU -O.006)

SQN 24. NCI-ENT COE 1033.
RESPONSE TIME 5.0000
PERCENT LIVES LUST 0.6665-30

SEQ NO 24. i CIIENT COLUE 1033. - ..
TOTAL TRIP TIML IC. u')u_
HOSP IAL TRIP-T IME - IuOJO
PERCENT LIVES LOST WIT h ,NO MEIDICAL HELP 0.133u
PERLEENT LIVES LUST WITH MLtOICAL HELP 0.1665
DIFFERENCE BETWEEIN THt. TWU 0.1665

SEQ '4O 31. INCIDT'T C - 1033.
RESPONSE TlIME 5.0000
PLRCENT LIVES LOST 1.uO000

SEQ NO 31. INCIDENT CODE 1033.
TOTAL TRIP TIME l0.OCO
HOSPITAL TRIP TIME .0ou0
PERCENT LIVES LUST VtITH M MEUICAL HEtP 1.6670
PERCENT LIVES LOST V,ITri VtLICAL HLLP 0.8335
DIFFERENCE BETWEEN THE TWO 0.8335
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SEQ NO 35. I'4C1DE;:,I CuE 1033. [
RESPONSE TI?'E 4.,'uO.
~PERCENT LIVES LUST 0.533200

S't NO 35. !NCIVENT CJE 1033.i

TOTAL TRIP TIMF 6.00O )
-HOSPITAL TRIP TIML 2.0000
PERCENT LIVES LOST WIrH N'i, ,ELUICAL HELP o.7998 i
PERCENT LIVES LOST WITH :FttICAL HELP 0.7332
iF FERE CE BET EE+J THE TWU 0.0666

... NO 36. INCIUET' C"IGrf 1033. -.
RESPONSE T I ME 2.GOcu
PERCENT LIVES LOST 0.26660.

SEQ NOj 36. INC Etif CDjE 1033.
TOTA. TRIP TIVE d.0000__
HOSPITAL TRIP TIME o.O00
PEPCENT LIVES LOST WITH Nil MEiDICAL HELP 1.0664

DIFFERENCE BETWEEN THE TWO 0.1998

_ SEQ NO 38. INCIDENT CODE 1033.

PERCENTLiVEIS LOST 0.83350011

SEQ NO 38. INCIDENT COOE 1033.
TOTAL TRIP TIME 17.0000
HOSPITAL TRIP TIME 12.0000
PERCENT LIVES--LUST-WIH ;'JU-L-OI-CALI_-IELP 1.1339

PERCENT LIVES LOST WITH MEDICAL HELP 0.3335
---DIFF E R-NC e B EEN -THE -t:U 0 ...8- 04 .... ... .

SEQ NO 43. INCIDE.wT CtuE 1050.
RESPONSE TIME 5.0000
PERCENT LIVES -LOST 0-.66o00.

SEQ NO 43. INCIDENT CODE 1050.
TOTAL TRIP TIME I.OUOO_
HOSPITAL TRIP Tild lo)3( -00_ _

PERCENT LIVES LOST WITH NO MEVICAL HELP- 1.9995
PERCENT LIVES LOST WIIH MEDICAL HELP 1.6665
DIFFERENCE BEfWEEN THE TWO 0.333%"

SEQ NO 44. INCIOENT COUE 1033.

PERCENT LIVES LUST O.b(b50O0

.ScQ NO 44. INCIDENT CODEi 1033. . . .
TOTAL TRIP TIML 15.0000
HOSPITAL IRiP TIME 10.0000
PLRW.ENT LIVES LS rWITH ,40 ,EOuICAL HLEP i.9995,
PERCENT LIVES LOST wirtl MIICAL HELP 3.9995
DIFFFRENCE ErEE.'4 THt fW, 1. 0000UO
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SLQ NO 5i. INCIDEJI CO&E IJ3.
RESPONSE F1'mE 3 . - n--
PERCENtrT LIVES LOST 0.,00000a

SEQ .O-55.- IWgCIl'EiT 'COUL 1033.
TOTAL TRIP JTIP 9.E0
HOSP'ITAL TRIP TIME 6.oouo
PERCENT LIVES LOST WITH NO MEDICAL HELP 1.5003
PERCENT LIVES LUST WITH MEOICAL tIEEP 1.2999
DIFFERENCE SE[wEE THE TWO 0.2004

SEQ NO 61. INCIDEN4T CODE 10)33.-----------
-- RLSPONSE TIME 4.0300 _

PERCENT *LIVES- LOST 00.40000

---TOlAL TRIP TIMtE . 3,00o1in
HOSPITAL TRIP TIME 9.0000
PERCENT_ LIVES _ LOST____ WITH_ NOEDIALHEL 1.32

PERCENT LIVES LOST W~ITH NOMEICAL HLP 0 .7329
DIFFRENC BETWEE THE TWO 0.9000 - .___

___SEQ NO 63. INCIDENT CODE 1-094.
RESPUNSETM 4.0000 -

* PERCENT LIVES LOST 0.800000

___SEQ NI) 63. INCIDENT CODE 1094._____
TO'T-AL -TRIfP' tfI. 200
HOSPITAL TRIP TIME 8.0000
PERCENT LIVtS LOST W!TH NO MEDICAL HELP 2.4000
PERCENT LIVES LOST WITH MEDICAL HELP 1.0664
DIFFERENCE BETWEEN THC IWO 133

SEQ NO 67. INCIDENT CODE 1050.

RESPONSE TIME 3.0000'

S RENT NC 67. T:C IDETCL100

__TOTAL TiRIP TIME e.0000_____ __

HOS!PITAL TRIV TftME - 0O
PERCENT LIVES LOST WITH INO MEDICAL HELP 1.0664
PERCENT LIVES LOST WI1H MEU!CAL HELP 6*8S99

DIFFEENCE ETWEN' TH TWO .166

SEQ NO 70. INCIDEN~T CODE 1097.

TOTAL TRIP TIVE 29.UC00
HOSPITAL TRIP TIME ?G.O0OU

~PERCENT 0IVES" LOS'T 'WITH (46 MEN CAUL HEL P 48
PERCENT LIVES LUST WITH MEOICAL HELP 4.1663
DIF-FERENCE BETWEEN T14E TWO U .6
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...sLQ NO 72.-II;lUL'4t CODE 1033.

RESPONSE TIME 6.' 9n0r
...PERCENT i VES-/_OST 0.:14 1;,)'1

-- TOTAL TP TIME 3b.0000

HOSPITAL TRIP TIME 30.0000 . . . . ... ..
PERCENT LIVES LOST WITH '.10 MELICAL.HELP 1.1988
P-REiI wLIVES LOST -- i'' ME-ILAL HELP 0.1998
DIFFERENCE dETWEEN THE IWO 0.999C

SEQ NO 77- INCIOENJT CODE 1050.
RESPONSE TIME 3.0000 /

.... PRCENT LIVES LOST 0.50310-0

SEQ NO 77. INCIDENT CODE 1050. ,_
TOTAL TRIP TIME 12.0000
HOSPITAL TRIP TIME 9.0008 "
PERCENT LIVES LOST WITH NO ;4EDICAL-HELP 2.0004

-- PERCENT LIVES LOST 'WITH ;!.ICAL HELP 0.5001
DIFFERENCE BETWEEN THE IWO 1.5003"

SEQ UO 78. INCIDENT CODE 1033.__

R-"SPJNSE TIME - 7.OOOU .........
PERCENT LIVES LOST 1.166900

SEQ NO 78. INCIDENT CODE 1033.
T OTAL -TRP-- T--IiE --28 .ci000

HOSPITAL TRIP TIME 21.0000
PERCENT LIVES LOST WITH NO MEDICAL HELP 3.7324
PERCENT LIVES LOST WITH MEDICAL HELP 3.0331
DiFFEKEN(CE-BETWEE I-THE TWu - 0.6993 .

SLQ NO 82. INCII)ENT COVE 1097.
RESPONSE TIME 7.0000
PERCENT LIVES LOST 0.790000

SLQ NU 82. I; CIUENT CODE i097.

TOTAL TRIP TIME 25.OOuO
HOSP IlTA L TRP TI ME- 1 -8 ... O-60-0
PERCENT LIVES LOST WITH NU MEDICAL HELP 2.5000
PERCENT LIVES LOST WITH MEUICAL HELP 2*5000
DIFFERENCE BETWEEN THE IWO 0.0

SEQ NO qO. INCIDENT CODE 1033.
RS-ONSE TIME - - 20.000
PERCENT LIVES LOST 0.ObbbOO

SEQ NO 90. INCIDENT CODE 1033.
TUTAL TRIP TIIE iO.OOrO

____HOSPITAL IRIP IML -8.0000
PERCENT LIV-S LUST W1II a) MEDICAL HELP 1.3330'
PERCENT LIVES LUST wlIfH Mu.;ICAL hLLP 1.0666
DIFFERENCE BEIWEEN THE TWO 0.2664

; qI
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SEL .AO 94. INCIDENT[ L(iuE 1033.
RESPN;SE TIME 1.000
PEkCEAT LIVES LOST u.166503

SEQ NO 94. INCIDLfT C('UF 1033.
TOTAL TRIP TIME 13.000U
HOSPITAL TRIP TIML 8.000
PERCEN.T LIVES LOST WITHi AUd MEDICAL HELP 2.6000
PERCENT LIVES LUST WI Th NEt)ICAL HELP I'02664
DIFFERENCE BETWEEN THE TWO 1.333c,

SEQ NO 99. INCIDENT CDE 1033.
RESPONSE TIME 3.0000
PLRCENT LIVES LOST 1 .5999919

SEQ NO 99. INWCIDEN",T CuU)E_1033. __
--TOTAL TRIP TIME 13.000)0
HOSPITAL TRIP TIME 5.0000
PERCENT LIVES LOST WITH "4U MEDICAL HELP 2.1671

... PERCENT LIVES LOST WITH MEDICAL HELP 1.3336
DIFFERENCE BETWEEN THE TWO 0.8335

SEQ NO 103. If4CIDENT CODE 1033.
t RESPONSE TIME 3.000

PERCENT LIVES LOST 0.099900

SEQ NO 103. INCIDENT CODE 1033.

HOSITAL TRIP TIM riME 7.0 ___

PERCENT LIVES LOST-WITH NO MEDIAL-HELP'833
PERCENT LIVES LOST WITH ,MEDICAL HELP 0.0099
DIFFERENCE BETWEEN THE TWO 0.2331

s I QNE113. INCIENT COVE 1033.
RESPONSE TIME 3.0000
PERCENT LIVES LOST 0.B000. . ...

SEQ NO 112. I;NCIDENT CJODE 1033. .. . .
TOTAL TRIP TIME 1.3C00
HOSPITAL TRIP rIME .7.000
PERCENT LIVES LOST WITH NJO MEUICAL HELP 2.0000
PERCENT LIVES LOST WITH MEDICAL HELP 0.8331
DIFFERENCE BETWEEN THE TWO 1.166

SEQ -NO 113. I;4CIDENT COULE 1033.
R E S P U .N S E T I M E 5 0 90 0 6 . . . . .. .
PtRCLNT LIVES LOS; 0.833500

SEQ NO 113. INCIDENT CODE 1033.
TUTAL TRIP TIML 21.00310
HOSPITAL TRIP TIML 16.0000

... PEkLE T LIVES-i.ST WITH NO A:EDICAL HiELP...-. 0 7. ... ..
PERCENT LIVES LOST WITH ,ME{IICAL HELP 2.9663 "' .

,DIFFERENCE BETWEEN Tlt TWU 0.534,4

++! + .'- i
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SEQ O4U 119. INCIDENT ChOOE 1097.

RESPOISE TIME 5.,))0(
PERCENT LIVES LOST O.335.o .

SEQ NO 11.--INCIDENT CODE 1097.
TOTAL TRIP TIME 20.0000

* HOSPITAL TRIP TIME 1t.%uoiO
PERCENT LIVES LOST WITh N O MEOICAL HELP 2.6660
-EIRCE.,T LIVES LOST WITH MEOICAL Ht LP 2 665
DIFFEREt,,CE BETWEEN THE TWO 0.491,5

SEQ NO 125. INCIDENT CODE 1033.
RESPONSE TIME 9.0000

___PERCENT LIVES LOST 1.199699

SEQ NO 125. INCIDENT CODE 1033.
TOTAL TRIP TIME 14.0C00
HOSPITAL TRIP TIME 5.0000
PERCENT LIVES -OST- WTH NU- MEDICAL--HELP--.8662

___PERCENT LIVES LOST WITH MEDICAL HELP 1.6497
DTFIE RNC-E BETW/E-EN "-WE TwO 0.16

SEQ NO 130. INCIDENT CODE 1033.

RESPONSE TIME 5.0000
PERCENT LIVES LOST 0.833500

SEQ NO 131. INCIDENT CODE 1033.
RESPONSE TIME 2.0000
PERCENT LIVES LOST 0.266600

SEQ NO 131. INCIOENT CODE 1033.
TOTAL TRIP TIME 13.0000 ......
HOSPITAL TRIP TIME 11.0000PERCE-N-T--I-VES LOST WITH NO MEDICAL HELP 0.86"71

PERCENT LIVES LOST WITH MEDICAL HELP 0.1334
DIFFERENCE BETAEEN''THE TWO 0.7337

SEQ NO 130. INCIDENT LODE 1033.
TOTAL TRIP TIME 19.0090
HSPIfTALTRIP fIME 14.0000
PERCENT LIVES LOST WITH NO MEDICAL HELP 1.2673
PERCE 4T LIVES LOST WIrH MEUICAL HELP 9.3335
DIFFERENCE BETWEEN THE TWO 0.933b

SEQ NO 134. INCIDENT CODE 1033.
RESPONSE IME 3.0000
PERCENT LIVES LUST 0.5O01OO

SLQ NO 134. INCIUENT CODE Iu33.
TOTAL TRIP lIME 12.00OO
HOSPITAL TRIP TIME 9.0000
PERCENT L-IVES LUST WITH NO MOICAL HELP 1.20C0
PERCENT LIVES LUST WITH PI'DICAL HELP 1.2C00 00
DIFFERENCE BEfWEEd THL TWw 0.0001,
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SEQ NU 135. INCIDENT CODE 1033.
RESPO'SE TIME 5.09 )v
PERLENT LIVES LOST 0.66650

- SEQ NO 135. INCIDE'JT CtOE 1033.
TOTAL TRIP TIf.F 1i.0003
HOSPITAL TRIP TIME 12.OU.o3
PERCENT LIVES LOST WITH NO MEDICAL HELP 2.2661
PRCEIT L V E S L U S T T H-- E _ICAL- E LP 1.8665

DIFFERENCE BETWEE;v THE TWO 0.3996

SEQ 140 146. INCIDENT CUDE 1033.
RESPONSE TIME 9.ouO ..
PERCENT LIVES LOST 1.799999

SEQ 11O 146. INCIDENT CODE 1033. /
TOTA-L TRIP TIT;E 2Q.O0o 03

.... HOS_PI.TAL TRIP_TI4ME ---- O -
PERCENT LIVES LOST WITH 0 " EDICAL" 2.6660
PERCENT LIVES LOST WITH MEUICAL HELP-- p.2997
DIFFERENCE BETWEENJ THE TWO J.366Y

SEQ NO 148. INCIDENT CODE 1033.
RESPONSE TIME 3.OOOC
PERCENT LIVES LOST 0.399900

SEQ NO 148. INCIDENT COU- 1033.
TOTAL TRIP TIME A1O.0O:)0 _

HOSPITAL TRIP TIME 7.0J00
PERCENT LIVES LOST WITH AO MEDICAL HELP i.3330
PERCENT LIVES LOST WITH MEDICAL HELP 1.0G99
DIFFERENCE BE'WEEN rftiC'NW 0.23 ..

SEQ NO 160. INCIDENT CODE 1033.
RESPONSE TIME 2.JOOO
PERCEN T lIV.S -LOST--0.066-600f-

SEQ NO 160. INCIDENT COU 1033.-...
TOTAL TRIP rIME 6.0000
HOSPITAL TRIP TIME c.Ouoo
PERCENT LIVES LOST WITH NO 4EOICAL HELP 0.5336---- PERCENf LIVES LOST WITH MEDICAL HELP 0.1334 -

DIFFERENCE BETWEEN THE TWO 0.4002

SEQ NO 163. 11CIDENT COUE 1033.
RtSPOiqSE TIME 3.0000
PLRCENT LIVES LUST 0.600000

SEQ NO 163. INCIDENT CODE 1033.
TOTAL TRIP TIME 13.0000
HOSPITAL TRIP TIME 10.0000
PERCENT LIVES LOST WITH 'O MEOICAL HELP 1.7329 . .
PER(,ENT LIVES LOST WITi M'tICAL IILLP 1.3991)

* DIFFERENCE BETwEL%' Tli- TWO .3 3
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SEQ :O 165. I;NCIDENT COUE 1094.
RESPONSE TIM- 3. J,90,o
PLRCEiT LIVES LUST 0.600000

SE NO 165.- iNCIDENT CODE- 1094.
TOTAL TRIP TIME 10.0000
HOSPITAL TRIP TIME 7.OOuO ..
PERCENT LIVES LUST WITH NU MEOICAL HELP 2.0000
PERCENT LIVES LOST WITH ;4cDICAL HELP 0.8331
DIFFERENCE BETWEEN THL TWO 1.1669

SEC NO 169. INCIDENT CODE 1033.
RESPONSE TIME 3.0000
PERCENT LIVES LOST 0.393900 /

StQ NO 169. INCIDENT CODE 1033.
TOTAL TRIP T[IvE 9.0000
HOSPITAL TR!P TIME 6.0000

_____PERCENT LIVES LOST WITH N EDICA H-LP- .9 98000_ .. ... ..
_PERCE1NT LIVES LOST WITH MtUICAL HLP 0.7998

SEQa NO 170. INCIDENT CODE 1097.

RESPONSE TIME 12.0000
PERCENT LIVES LOST 2.403000*

SEQ NO 170. INCIDENT CODE 1097.
TOTAL TRIP TIME 52.0000
HOSPI-A-L TRIP-TIM-E- 4o.O-uUo
PERCENT LIVES LOST WITH NO MEDICAL HELP 6.9316

-PERCENT LIVES LOST -WITfH--ME-OICAL-HELP- 5.596 -

DIFFERENCE BETWEEN THE TWO 1.3320

SEQ NO 187. INCIUENT CODE 1033.
RES PONSE TIME . . O . O00 -

PERCENT LIVES LOST 0.60030-0

SEQ NO 18. INCIDENT CODE1033o.
TOTAL TRIP TIME 23.0000HOSPITAL TRI IMPtiE 14*0000

PERCENT LIVES LOST WITH NO MEIICAL HELP 1.5341.... 0tkCENT' LIVES" LOST W1IH NMt ICAL HELP '0.-6003 .. .... ..
DIFFERENCE BETWEEN THE TWO 0.9338

SEQ NO 188. INCIDENT CODE 10339
R S P N-SE TI1 9.0-C) 09

P ERCE NT _L IV ES LOS T 1.1o Q96 99 .

SEQ NO 189o INCIDENT COI)E 1033*
RLSPONSE TIME 10. 0000

PERCENT LIVES LUST 1.9999r)9

-J
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-SEQ) NO 189. INCIDEN~T C!%[E 1033.*
TUTAL TRIP TIME 13. OuiXO
HOSPITAL TRIP TIME 3.ouuo

PECNT LVES LOT10 .4Ef')tICAL IEP -1.7329

PERCENT LIVES LOST ITIl ?1)I0CAL Ht:LP 1.6330
DIlfFERENCE .BE -I-WEE:1 THE TWU -- O.oq94

SEQ NO 186. 1:4CIOE~f-CODE 1033.
TOTAL TRIP TIME: 34.0000
HOSPITAL TRIP Y>mt 2 5.0000
PER*CENT LIVES IGST twITH '40 mEUICAL HELP 1.1322 __

PERCENT LIVcES LOS r WI [H MEDICAL HELP 0.2997
DIFFERENCE f-'EIWEE:J THE TWO 0.8325

___SEQ NO 186. ;4rIDENT CDL)-: 1033.
R SPONSE I !AE 5.0000 - -

PERCENT- L'/ES LOST 0.833500 __ _

SEQ1 NOJ 195. iCIDENT COJDE 1033.-
TOJTAL !AIP TIME 13.0000- -
Nc-EGPi1AL- TRIPTIE .00
Pav'N'T LIVES LOST WITH NO MEDICAL HELP 2.6000

~R.ETLIVES LOST WITti MEU[CAL HLLP 1.2664



f APPENDIX D

Input data for GASP simulation Program of Appendix A.
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COVE 2 = 1050

CODE 3 = 1091

CODE 4 = 1094

CODE 5 = 1095

CODE 6 = 1097

CODE 7 = 10986

Y(1 , 1 3 = 0.001000
Y(1 , 2 ) = 0.00066-1
Y(1 , 3 3 = 0.001333
Y(1 , 4 3 = 0.0020(0 ~ __ _

Y(I,5) = 0001667
Y(1 , 6 3 = 0.000333

Y(1 , 7 } = 0.001667
Y(. , 8 ) 0.001333
YU ] 9 )= 0.001333 .
YII ,lO 3 = 0.002000
Y(2 , 1 ) 0.001000
Y(2 , 2 ) = 0.0
Y(2 9 3 . = 0 .00100.) ___

Y(2 -4 3 = 0.000333
Y(2, 5 ) = 0.0

__Y(2__,_.7. 3 = o.oo1333

Y(2 ,8 ) = 0.000333
Y(2, 9 ) = 0.001000
Y(2 ,10 ) = "0.000333
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